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Purpose: The purpose of this study was to perform a randomized, prospective trial that 
compares the transabdominal with the retroperitoneal approach to the aorta for routine 
infrarenal aortic reconstruction. 
Methods: From August 1990 through November 1993, patients undergoing surgery for 
abdominal aortic aneurysm (AAA) disease or aortoiliac occlusive disease (AIOD) were 
asked to participate in a randomized trial comparing the transabdominal incision (TAI) to 
the retroperitoneal incision (RPI) for aortic surgery. One hundred forty-five patients were 
randomized, with 75 (41 with AAA and 34 with AIOD) in the TAI group and 70 (40 with 
AAA and 30 with AIOD) in the RPI group. There were no significant differences between 
the groups in terms of age, sex, postoperative pain control (epidural vs patient-controlled 
analgesia), or comorbid conditions, except for a higher incidence of chronic obstructive 
pulmonary disease in the TAI group (21 vs 8 patients). 
Results: The incidence of intraoperative complications was simUar for both groups. After 
surgery, the incidence of prolonged ileus (p -- 0.013) and small bowel obstruction 
(p = 0.05) was higher in the TAI group. Overall, the RPI group had significantly fewer 
complications (p < 0.0001). The overall postoperative mortality rate (two deaths) was 
1.4%, with both occurring in the TAI group (p = 0.507). The RPI group also had 
significantly shorter stays in the intensive care unit (p = 0.006), a trend toward shorter 
hospitalization (p = 0.10), lower total hospital charges (p = 0.019), and lower total 
hospital costs (p = 0.017). There was no difference in pulmonary complications 
(p = 0.71). In long-term follow-up (mean 23 months), the RPI group reported more 
incisional pain (p = 0.056), but no difference was found in incisional hernias or bulges 
(p = 0.297). 
Conclusions: We conclude that the RPI approach for abdominal aortic surgery isassociated 
with fewer postoperative complications, horter stays in the hospital and intensive care 
unit, and lower cost. There is, however, an increase in long-term incisional pain. Current 
methods of postoperative pain control seem to decrease the incidence of pulmonary 
complications. (J VAsc SURO 1995;21:174-83.) 
The superiority of either a transabdominal (TAI) 
or retroperitoneal (RH) incision for aortic surgery 
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remains a source of controversy. Although it is 
generally agreed that the RPI approach offers advan- 
tages in selected patients with juxtarenal and supra- 
renal aortic aneurysms, multiple previous abdominal 
surgeries, horseshoe kidneys, inflammatory aneu- 
rysms, obesity, or previous aortic surgery, 11° this 
approach as failed to gain widespread acceptance for 
routine infrarenal aortic reconstruction.I1 Since Rob 5 
resurrected the RPI approach, numerous reports 
have claimed a clear superiority of the RPI approach 
in terms of intraoperative fluid replacement, postop- 
erative pulmonary complications, length ofileus, and 
length of stay in the intensive care unit and the 
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Table I. Risk factors 
Retroperitoneal (n/%) Transperitoneal (n/%) p Value 
Hypertension 39/56 43/57 0.844 
Diabetes 10/14 9/12 0.684 
Smoking (past or present) 67/96 69/92 0.859 
Angina 10/14 15/20 0.363 
Congestive heart failure 8/11 4/5 0.183 
COPD 8/11 21/28 0.013 
Previous myocardial infarction 22/31 15/20 0.115 
Valvular disease 2/3 3/4 0,706 
Arrhythmias 7/10 10/13 0.533 
Cerebrovascular accident 10/14 8/1I 0.509 
Previous coronary artery bypass 12/17 i3/17 0.976 
Abnormal electrocardiogram 41/59 42/56 0.754 
Coronary artery disease 26/37 33/44 0.40]. 
Renal disease 1/1 0/0 0.299 
hospital. 1223 However, none of these studies were 
randomized, prospective trials. A small, prospective, 
randomized trial was performed by Darling et al.,24 
but this trial essentially compared the retroperitoneal 
exclusion treatment of abdominal aortic aneuusms 
with the transperitoneal inclusion treatment: In this 
study a clear advantage for the RPI approach was 
found in terms of both blood loss and length ofileus, 
and a trend toward shorter hospitalization was 
noted. 24 The only randomized, prospective study 
performed comparing the two incisions with the 
same aortic reconstructive t chniques in each group 
concluded that there was "no important advantage 
for the retroperitoneal approach and thus no support 
for its adoption as the preferred technique for routine 
aortic reconstruction. ''2s This conclusion is contra~ 
to all other eports in the literature including our own 
experience, *2 and we believed that it would be 
important to either confirm this conclusion or 
reaffirm earlier reports by performing another pro- 
spective, randomized trial. The purpose of this study 
was to perform a randomized, prospective trial that 
would compare the TAI with the RPI approach to 
the aorta for routine infrarenal aortic reconstruction. 
METHODS 
This study was undertaken with the approval of 
the Washington University Human Investigations 
Committee, and informed consent was obtained 
from all patients who participated in the study. This 
study was conducted from August 1990 through 
November 1993. Patients undergoing inffarenal 
aortic reconstruction for either abdominal aortic 
aneurysmal (AAA) or aortoiliac occlusive (AIOD) 
disease were asked to participate inthe study. Patients 
who required concomitant mesenteric or renal arteDT 
revascularization r who had a strong relative indi- 
cation for one approach or the other were excluded, 
as were patients who did not wish to participate inthe 
study. The relative indications for RPI included the 
presence of severe chronic obstructive pulmonary 
disease (COPD), a history of multiple previous 
abdominal surgeries, the presence of a horseshoe 
kidney or an inflammatory aneurysm, and abdominal 
wall stomas. Relative indications for TAI included a 
history of previous left retroperitoneal surgery and 
the need to perform either mesenteric or right renal 
artery revascularization. During the study period, a 
total of 299 infrarenal aortic revascularizations were 
performed, and all patients who met the study criteria 
and agreed to participate were randomized to either 
TAI or RPI. 
Patients. One hundred low-five patients were 
randomized, with 75 (41 with AAA and 34 with 
AIOD) in the TAI group and 70 (40 with AAA and 
30 with AIOD) in the RPI group. There were 51 
men (73%) and 19 women (27%) in the RPI group 
and 53 men (71%) and 22 women (29%) in the TAI 
group (to = 0.77). The mean age in the RPI group 
was 65.0 _+ 9.1 years and in the TM group 
65.6 _+ 9.2 years. The incidence of hypertension, 
diabetes mellitus, smoking, angina, congestive heart 
failure, myocardial infarction, COPD, valvular heart 
disease, cardiac arrhythmias, cerebrovascular cci- 
dents, renal disease, abnormal electrocardiogram, 
prior coronary artery bypass grafting, or percutane- 
ous transluminal coronary angioplasty was compared 
between the two groups (Table I). There were no 
significant differences between the two groups except 
that the incidence of COPD was higher in the TAI 
group (21 vs 8 patients;p = 0.013). The diagnosis of 
COPD was established by puhaaonary function tests 
in 17 of 21 patients in the TAI group and by history 
in the other four patients. All patients in the KPI 
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Table II. Postoperative complications 
Retroperitoneal (hi%) Tran~eritoneal (n/%) p Value 
Ileus 0 8/11 0.005 
Small bowel obstruction 0 4/5* 0.050 
Wound infection 1/1 6/8 0.065 
Wound hematoma 2/3 1/1 0.519 
Pulmonary complications 9/13 15/20 0.425 
Cardiac complications 13/19 20/27 0.245 
Total complications 25 54 < 0.0001 
*p < 0.0001 when ileus and small bowel obstruction are combined. 
group underwent pulmonary function testing. The 
mean forced expiratory volume in 1 second (FEV1) 
of patients with COPD in the TAI group was 
55% + 19% of normal compared with 67% _+ 17% 
in the patients with COPD in the RPI group. The 
FEV1 forced vital capacity ratio was 65% + 16% in 
the TAI group and 55% + 12% in the RPI group. 
Anesthesia nd operative technique. Before 
induction of anesthesia, radial artery and pulmonary 
artery catheters were placed. All patients underwent 
general endotracheal anesthesia with high-dose fen- 
tanyl induction and maintenance of anesthesia with 
inhalational agents. If patients were to receive an 
epidural catheter, this was placed before induction. 
The patients underwent standard aortic reconstruc- 
tion, as was dictated by the underlying aortic disease. 
The technical details of the retroperitoneal exposure 
for infrarenal aortic surgery have been detailed 
elsewhere. 26 In the RPI group, AAAs were repaired 
with tube grafts in 22 patients, aortobiillac grafts in 
eight patients, and aortobifemoral grafts in 10 
patients. In the TAI group, AAAs were repaired with 
tube grafts in 20 patients, aortobiiliac grafts in 13 
patients, and aortobifemoral grafts in eight patients. 
In the patients with AIOD in the RPI group, 27 
aortobifemoral grafts, two aortobiiliac grafts, and 
one aortoiliac endarterectomy were performed. In 
the TAI group with AIOD, 28 aortobifemoral, three 
aortobiiliac, and three aortoiliac endarterectomies 
were performed. After surgery, all patients were 
admitted to the surgical intensive care unit and were 
discharged from the unit when tubes were removed 
and stable cardiac and pulmonary function had been 
maintained for at least 12 hours. The criteria for 
extubation are standardized in the surgical intensive 
care unit for all patients. Discharge from the unit is 
also done as expeditiously aspossible for all patients 
because the intensive care unit is a scarce resource. 
Analysis. Each patient was followed up longi- 
tudinally and data concerning intraoperative and 
postoperative complications were recorded, as were 
data on length of stay and hospital costs. In terms of 
complications, ileus was defined as a prolonged 
period of nasogastric ntubation ( > 72 hours) as a 
result of a delay in return of bowel function with 
radiographic documentation f diffuse bowel dila- 
tion without evidence of obstruction. Cardiac com- 
plications included congestive heart failure, elevation 
of the MB creatine kinase fraction indicating myo- 
cardial injury, arrhythmias that required intravenous 
pharmacologic treatment, and ischemia s evidenced 
by anginal pain or electrocardiographic c anges that 
required intravenous therapy. Pulmonary complica- 
tions included pneumonia that was documented by 
chest x-ray film and sputum cultures, prolonged 
intubation (> 72 hours), adult respiratory distress 
syndrome as defined by increased arterioalveolar 
gradient with characteristic chest x-ray findings, and 
pulmonary embolus as documented by either a 
high-probability ventilation-perfusion scan or a pul- 
monary angiogram. All statistical analyses were 
performed by the Division of Biostatistics at the 
Washington University School of Medicine. All 
comparisons of preoperative risk factors and intra- 
operative and postoperative complications were per- 
formed by X 2 analysis. The cost data were converted 
to logarithmic data, and t tests were performed on the 
converted ata. 
Because analysis of the patient risk factors re- 
vealed that here was a statistically higher incidence of 
COPD in the TAI group, some analyses were 
performed with and without hese patients to deter- 
mine if this variable significantly impacted on the 
results of the trial. Also, to help correct for this 
discrepancy, a comparison of total complications 
excluding pulmonary complications was performed. 
RESULTS 
Complications. The incidence of intraoperative 
complications was similar in both groups, with three 
complications in the RPI group (two patients uf- 
fered lower extremity ischemia nd one had a low 
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Table III. Postoperative complications (no. patients/%) 
Approach 1 Complication 2 Complications 3 Complications Total 
Transabdominal 26/35 8/11 3/4 38/5 i
Retroperitoneal 11/16 4/6 2/3 17/24 
intraoperative cardiac output) and two in the TAI 
group (one myocardial infarction and one cardiac 
arrhythmia) (p = 0.593). After surgery, numerous 
parameters were evaluated and are detailed in Ta- 
ble II. Of note is that the incidence of cardiac 
complications was similar between both groups, with 
13 in the RPI group and 20 in the TPI group 
(p = 0.245). The incidence of pulmonary complica- 
tions was also similar between the two groups, with 
nine in the RPI group and 15 in the TAI group 
(p = 0.425). The most significant difference in 
complications occurred in the incidence of prolonged 
ileus, with none in the RPI group and eight in the 
TPI group (p = 0.005), and small bowel obstruction 
with none in the RPI group and four in the TPI 
group (p = 0.05). The eight patients with ileus had 
nasogastric tubes in place for a mean of 6.0 days 
(range 3 to 8 days). In the four patients with small 
bowel obstruction, this diagnosis was established 
radiographically (two with contrast studies and two 
with plain films). Two of the obstructions resolved 
spontaneously with prolonged nasogastric intuba- 
tion (7 and 12 days). Two patients required surgery 
for adhesiolysis, and one of these also required a 
segmental small bowel resection. When the incidence 
ofileus and small bowel obstruction is combined, the 
difference between the two groups is highly statisti- 
cally significant at p < 0.0001. There were two 
perioperative deaths caused by cardiac events on 
postoperative days and 2 and 4, both occurring in the 
TAI group (p = 0.507). If the incidence of all 
complications is compared, with 25 in the RPI group 
and 54 in the TM group, the difference between the 
two groups is highly statistically significant 
(p < 0.0001). In the TM group the 54 complica- 
tions occurred in 38 patients (51%), with 26 (35%) 
having one complication, eight (11%) having two 
complications, and three (4%) having three compli- 
cations. In the RPI group the 25 complications 
occurred in 17 patients (24%), with 11 (16%) having 
one complication, four (6%) having two complica- 
tions, and two (4%) having three complications 
(Table III). 
If pulmonary complications are excluded from 
the analysis, there was a total of 16 complications in
the RPI group and 39 in the TM group. The 
difference between the two groups is still highly 
statistically significant, withp = 0.0003. 
Analgesia. The type of postoperative analgesia 
was also recorded, with the use of epidural, patient- 
controlled analgesia, parenteral narcotics, and oral 
medications monitored. In the TAI group 53 pa- 
tients (71%) received epidural anesthesia nitially, 
eight (10%) received patient-controlled analgesia, 
and 15 (20%) received parenteral narcotics compared 
with 49 (70%), nine (13%), and 11 (16%), respec- 
tively, in the RPI group. In the patients with COPD, 
17 (81%) of 21 in the TM group received epidural 
analgesia compared with five (63%) of eight in the 
RPI group. 
Length of stay. The length of stay in the inten- 
sive care unit was significantly shorter in the 
RPI group: 2.3 ___ 2.3 versus 3.5 +_ 4.6 days (p = 
0.006). The postoperative l ngth of stay was also 
tabulated. The postoperative length of stay was used 
because many of the patients had undergone various 
diagnostic and therapeutic procedures before under- 
going aortic reconstruction. This comparison 
showed atrend toward shorter hospitalization i  the 
RPI group: 9.9 -+ 5.2 versus 12.9 _+ 9.0 days (p = 
0.10). 
Hospital costs. Hospital charges were deter- 
mined for each patient and were found to be 
significantly higher in the TAI group ~ = 0.019). 
Hospital costs were also determined for each patient 
(Table IV) because charges do not necessarily reflect 
the true cost of hospitalization. The total cost :for the 
RPI group was $16,350 _+ $8746 versus $21,023 ___ 
$14,801 in the TAI group (p = 0.017). When the 
costs were broken down by category (Table V), 
statistically significant differences were noted in the 
room and board costs (p = 0.014), radiology costs 
(p = 0.037), respiratory therapy costs (p = 0.034), 
pharmacy costs (p = 0.001), and medical supply 
costs, with each being less in the RPI group. No 
significant differences were noted in operating room, 
anesthesia, nd laboratory costs. The difference inthe 
intensive care unit costs just failed to reach statistical 
significance (p = 0.060). 
When the patients with COPD are removed from 
analysis, the average cost in the RPI group was 
$16,280 compared with $18,125 in the TAI group. 
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Table IV. Hospital costs 
Categol 7 Retroperitoneal ($) Transperitoneal ($) p Value 
Room and board 3,299 4,548 0.014 
Intensive care unit 2,482 3,155 0.060 
Operating room 2,889 2,732 0.249 
Anesthesia 532 510 0.208 
Radiology 1,837 2,569 0.037 
Laboratory tests 1,872 2,265 0.101 
Respiratory therapy 588 871 0.034 
Medical supplies 448 640 0.029 
Pharmacy 2,016 3,059 0.001 
Total cost* 16,350 21,023 0.017 
*This total includes miscellaneous costs that are not listed in this table, and total cost is therefore greater than the sum of the columns. 
TaMe V. Retroperitoneal versus transperitoneal approach to aortic surgery 
No. patients Ileus (%) Hospitalization (days) Mortality (%) 
Author RPI TAI RPI TAI p Value RPI TAI p Value RPI TAI p Value 
Sicard et al., 12 54 50 0 6 < 0.001 10 14 <0.02 2 1.9 NS 
1987 
Johnson et al., 21 298 161 1 6 < 0.05 12 17 < 0.05 4 3.7 NS 
1986 
Peck et al., 22 200 70 18 96 < 0.001 7 10 NS 1.5 2.8 NS 
1986 
Leather et al.,13 193 106 0.5 10.4 < 0.02 7 12 < 0.02 3.6 3.8 NS 
1989 
Gregory et al., 23 53 119 3.3 4.9 < 0.01 9 13 < 0.01 0 4.2 NS 
1989 
Cambria et al.,2s 54 59 3.7 6.7 NS 10.3 12.5 NS 0 1.7 NS 
1989" 
Darling et al., 24 I5 12 2.1t 4.0? < 0.05 6.7 9.0 0.157 0 0 NS 
1992" 
Current series* 70 75 0 11 0.005 9.9 12.9 0.10 0 3 NS 
NS, Not significant. 
*Prospective, randomized trials. 
1-Number of days before resuming regular diet. 
When only the patients with COPD are compared, 
the average cost in the RPI group was $16,740 versus 
$25,214 in the TAI group. 
Long-term follow-up. In long-term follow-up 
with a mean of 23 months (range 1 to 39 months), 
the RPI group reported more incisional pain 
(p = 0.056), but this was only mild to moderate and 
no patient required narcotic analgesics chronically. 
There was no difference in the incidence of incisional 
hernias or bulges (p = 0.297). Life-table analysis has 
shown no difference in long-term survival between 
the two groups (Fig. 1), with four deaths in the RPI 
group and five deaths in the TAI group. 
DISCUSSION 
The purpose of this study was to compare in a 
prospective, randomized fashion the TAI approach 
and the RPI approach to the abdominal aorta for 
routine infrarenal aortic reconstruction. Slightly less 
than 50% of the patients undergoing aortic recon- 
struction during this period were randomized. This 
appears to be a low recruitment rate, but it must be 
remembered that only routine cases in reasonable- 
risk patients were eligible. Washington University 
Medical Center functions as a tertiary-care c nter, and 
many of the patients referred here have complex 
vascular problems or severe comorbid conditions that 
we considered contraindications to one approach or 
the other. The exclusion criteria are detailed in the 
Methods section. 
The study groups were well matched in terms of 
aortic disease, age, sex, and comorbid factors, except 
for the incidence of COPD, which was higher in the 
TAI group. In the TAI group the patients with 
COPD had a lower average FEV1, but the 
FEVJforced vital capacity ratio was higher than that 
in comparable patients in the RPI group. It is 
important o emphasize that patients with severe 
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Fig: 1. These are Kaplan-Meier survival curves for two groups. There is no difference in 
long-term survival between two groups. 
COPD were excluded from participation i this study 
and routinely underwent an RPI approach for their 
aortic reconstruction (i.e., all patients who were 
randomized were believed to be capable of undergo- 
ing either a TAI or an RPI incision without 
significant pulmonary morbidity). 
During surgery, there was no difference in the 
incidence of complications between the two groups, 
and this is consistent with both the earlier study from 
our group t2 and a previous randomized prospective 
trial comparing the two incisions. 25 After surgery, the 
length of stay in the intensive care unit was longer in 
the TAI group, and this is in contradistinction to our 
previous findings of nearly identical length of stay in 
both groups I2 but similar to those of Leather et al. 13 
All postoperative complications were tracked. Of 
significance is that the incidence of cardiac ompli- 
cations was similar between the two groups, with 13 
in the RPI group and 20 in the TPI group. The same 
is true of pulmonary complications, with eight in the 
RPI group and 12 in the TPI group, despite the fact 
that the TAI group had a higher incidence of COPD. 
This finding is the same as that of Cambria et al.25 but 
differs from earlier studies that documented a de- 
creased incidence of pulmonary complications with 
RPI. ~,6,1°'t52°'27 This is an important finding because 
it has been shown previously that the TAI was 
associated with a marked decrease in pulmonary 
function compared with the RPI for aortic surgery. ~4 
However, in the retrospective subgroup analysis that 
was performed, the patients with COPD in the TAI 
group appeared to fare significantly worse than those 
in the RPI group, as evidenced by the marked 
increase in hospitalization costs incurred in the TAI 
group. It is possible that the overall improvement in 
the incidence of pulmonary complications i the 
result of changing methods of postoperative analge- 
sia. In this study, 53 patients in the TAd group (71%) 
and 49 patients in the RPI group (70%) had epidural 
catheters for postoperative pain control, and many of 
the patients used patient-controlled analgesia fter 
their epidurals were discontinued. In the study of 
Cambria et al. 25 in which there was also no difference 
in postoperative pulmonary complications, 80% of 
the patients received epidural anesthesia. It has been 
documented that epidural anesthesia mproves pul- 
monary function after both upper abdominal and 
thoracic incisions, zm29 However, it is also important 
to note that the patients in the TAI group incurred 
higher respiratory therapy costs ($871 vs $588, 
p = 0.034). Better pain relief coupled with intensive 
respiratory therapy most likely results in improved 
postoperative pulmonary toilet and fewer pulmonary 
complications. 
When one looks at the aggregate number of 
complications in each group, the difference between 
the RPI and TAI is highly statistically significant, 
with fewer complications in the RPI group, even 
when pulmonary complications are excluded. It is 
this fact that may help explain the longer length of 
stay in the intensive care unit and the hospital. 
Although it did not quite reach statistical significance 
(p = 0.10), the finding that the average length of 
stay in the TAI group was 3 days longer is nearly 
identical to that documented by Cambria et at. 2s In 
that study it was reported that the length of stay was 
equivalent in cases without complications; however, 
when complicated cases were included in the analysis, 
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the average l ngth of stay in the TAI group was 2 days 
longer than in the RPI group. 2s 
One of the significant findings of this study is that 
the cost of hospitalization is markedly decreased by 
the use of RPI as opposed to TAI by an average of 
nearly $5000. These savings undoubtedly reflect o a 
large extent the decreased length of stay in the 
intensive care unit and the hospital in the RPI group. 
The decreased length of stay is a fUnction of the 
resumption of a regular diet earlier in the RPI group, 
as well as the decreased number of perioperative 
complications in the RPI group. It could be argued 
that the excessive cost and length of stay in the TAI 
group is a reflection of the higher incidence of COPD 
in this group. Indeed, if all patients with COPD are 
removed from the analysis of the data, the average 
cost in the TAI group was $18,125 compared with 
$21,023 including these patients. Interestingly, and 
we believe importantly, patients with COPD in the 
RPI group had an average cost of hospitalization that 
was less than $500 more than had those patients 
without COPD ($16,740 vs $16,280). This is in 
contrast to the TAI group, in which the presence of 
COPD was associated with an increase of cost of 
hospitalization of more than $7000 ($18,125 vs 
$25,214). It appears that the presence of COPD 
markedly increases the cost of aortic revascularization 
with TAI reconstruction but does not impact signifi- 
cantly on the cost of RPI reconstruction. These data 
indicate that the TAI does adversely affect the 
outcome of patients with COPD. However, this 
analysis is being performed on a subset of patients 
from a prospective, randomized trial who have been 
identified retrospectively, and we believe that it is not 
necessarily valid to draw conclusions based on this 
type of analysis. Furthermore, it should be reiterated 
that patients with severe COPD were excluded from 
this trial, and we believe that exclusion of patients 
with mild to moderate COPD is unrealistic because 
the reality is that there is a significant incidence of 
COPD in patients with both AAA and AIOD 
disease. 
It is perioperative complications that usually ac- 
count for excessive length of stay and, even with the 
exclusion of patients with COPD, the incidence of 
complications was statistically higher in the TAI 
group. It seems clear that in both physical and fiscal 
terms the RPI approach is better for the patient. The 
precise reasons for this are unclear, but if one exam- 
ines the list of complications there are more compli- 
cations in almost every category in the TAI group. It 
appears that by violating the abdominal cavity there is 
a physiologic stress that is difficult to quantify but is 
real and results in complications ranging from pro- 
longed ileus to myocardial infarction. 
In long-term follow-up, there was an increased 
incidence of incisional pain (which was only mild to 
moderate) in the RPI group that just failed to reach 
statistical significance (p = 0.056), but there was no 
difference in the incidence of incisional bulges or 
hernias. There was also no significant difference in 
survival rates between the two groups. This obser- 
vation is interesting in that when studying patients 
from our institution who had undergone simulta- 
neous aortic reconstruction with renal revasculariza- 
tion, it was noted that the RPI approach was 
associated with an improved 5-year survival rate? °
The reason for this is not obvious, although the RPI 
approach was associated with less intraoperative 
crystaUoid administration, a shorter ileus, and a 
shorter length of stay. However, this was a retro- 
spective study, and the patients were not randomized 
or matched for comorbid conditions? ° 
In conclusion, the results of this trial are similar 
to those of all previous reports except that of 
Cambria et alY In Table V a comparison of several 
recent studies has been compiled and clearly shows 
that in most studies the RPI approach is associated 
with a shorter ileus and length of stay. This study 
demonstrated that the RPI approach to the aorta 
was associated with fewer postoperative complica- 
tions, shorter intensive care unit and hospital stays, 
and a lower overall cost. The incidence of pulmo- 
nary complications was not increased by the TAI 
approach, as has been reported in earlier studies. 
Better preoperative pulmonary toilet and improve- 
ments in postoperative pain control appear to be 
responsible for this. There is, however, an increase 
in long-term incisional pain with the RPI. These 
data, and those of others, suggest hat the RPI 
approach should be the preferred method of routine 
infrarenal aortic revascularization in patients who do 
not have a strong relative indication for one ap- 
proach or the other. This is obviously acontroversial 
position, and it will most likely require a multi- 
center, randomized, prospective trial to finally lay 
this issue to rest. 
We acknowledge the members of the Vascular Registry 
at Washington University School of Medicine for their 
tireless efforts in collecting and organizing the data for this 
study. 
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DISCUSSION 
Dr. Alexander D. Shepard (Detroit, Mich.). With 
the conclusion that there was no major difference between 
these approaches, this first study surprised a few of us 
but reassured the majority that transabdominal exposure 
was still the preferred technique for routine aortic op- 
erations. The presentation we have just heard casts some 
doubt on this conclusion and forces us to readdress this 
issue. In assessing the results of both studies, it now seems 
undeniable that a retroperitoneal pproach is associated 
with less ileus, earlier resumption of alimentation, and a 
lower incidence of postoperative small bowel obstruction, 
which in the aggregate probably do reduce length and 
cost of hospitalization for routine aortic operations. The 
clinical significance of this reduction is still open to 
debate, but the data presented today are impressive and 
should make us rethink just where a retroperitoneai 
JOURNAL OF VASCULAR SURGERY 
182 Sicard ¢t al. February 1995 
approach to the aorta fits into our surgical armamen- 
tarium. 
I do, however, have some concern with the study 
regarding assignment of patients to the two study groups. 
Not only did the group that underwent the transabdominal 
approach ave a significantly higher incidence of chronic 
obstructive pulmonary disease (COPD) but also their 
COPD was more severe than in their counterparts who 
underwent the retroperitoneal approach. Even though the 
rates of pulmonary complications were similar in the two 
groups, I am concerned that inclusion of so many 
potentially sicker, more complicated patients in the group 
that underwent he transabdominal pproach may have 
introduced a selection bias in favor of the group that 
underwent the retroperitoneal approach. For example, part 
of the increased costs for the group that underwent the 
transabdominal approach may have been related to longer 
stays in the intensive care unit and more intensive and 
expensive respiratory therapy necessary to achieve low 
pulmonary morbidity rates. Reanalysis of the results with 
exclusion of patients with COPD from both groups might 
avoid this potential bias. 
Do you have any explanation for why so many more 
patients with significant COPD were randomized to the 
group that underwent he transabdominal pproach? 
Second, do you share my concern that unequal assignment 
of these patients at higher isk may overstate the benefits of 
the retroperitoneal pproach? What is your opinion as to 
why your group that underwent the rettoperitoneal p- 
proach had a lower overall complication rate even after 
eliminating the obvious differences in gastrointestinal tract 
morbidity? 
Dr. Jeffrey M. Reilly. There is really no explanation 
for this except hat it was a randomized, prospective trial. 
All patients were cleared before surgery and were consid- 
ered to be satisfactory candidates for surgery. It is 
unfortunate that the distribution of patients with COPD 
came out this way, but it is just due to the nature of a 
randomized clinical trial. 
There is concern that there is a bias in these data. 
However, if one examines the data from this study, the 
incidence of pulmonary complications in the group with 
COPD was approximately 25%, with five of 21 patients 
with significant COPD in the group that underwent the 
transabdominal pproach aving a pulmonary complica- 
tion. This percentage is essentially the same as in those 
patients without COPD. I think that there was a relatively 
low incidence of pulmonary complications in this study, 
most likely the result of improved pulmonary toilet and the 
use of epidural anesthesia. There was a modest increase in 
the cost of respiratory therapy for the patients in the group 
that underwent he transabdominal pproach, and this 
small bias, which represented approximately $300.00 per 
patient, may be a reflection of the higher incidence of 
COPD in this group. 
What is my feeling on why there is a lower overall 
complication rate for the retroperitoneal approach? It goes 
back to the old argument that it is less of a physiological 
stress. I think that by avoiding opening the abdominal 
cavity and manipulating the bowel, there is less edema nd 
ileus and thus less third spacing of fluid. I think that this 
lessens the stress on the patient. I also think that it helps to 
lessen fluid shifts and eliminate hemodynamic problems 
that can be associated with volume overload as the patient 
begins to mobilize third-space fluid after surgery. 
Dr. David C. Brewster (Boston, Mass.). As men- 
tioned, our study from the Massachusetts General Hospital 
reported 4 years ago at these meetings found no significant 
differences in complications, physiological responses, or 
any other parameters of clinical outcome between the two 
approaches. Our experience also emphasized the value of 
postoperative epidural pain control in contributing to a 
reduction of postoperative pulmonary complications, an 
area previously believed by many surgeons to be a potential 
factor favoring a retroperitoneal approach in certain 
patients with obvious chronic pulmonary disease. We 
concluded and continue to believe that each approach as 
specific advantages and disadvantages, mostly related to 
anatomic or technical considerations. Selection of the 
optimal approach in each case is based on such criteria and 
not the perception that one alone is inherently superior in 
terms of risk or cost. 
I have several reservations about his study, principally 
about how well you have controlled some of the variables 
in your comparison and the possible resultant bias that may 
have influenced your results. First, it appears that less than 
one half of patients undergoing aneurysm repair by your 
group during this study period were actually included in 
the randomized study group. Would not your results and 
conclusions have been strengthened by including all 
candidates ina consecutive s ries of treated patients? Could 
exclusion of the majority of patients somehow have 
influenced your findings? Second, several postoperative 
variables are difficult to quantitate objectively, such as 
severity of ileus, when a patient can resume oral alimenta- 
tion, or degree of clinical stability appropriate for transfer 
of a patient out of the intensive care unit setting. Physicians 
caring for patients after operation cannot be blinded as to 
the method of treatment used. Ira retroperitoneal approach 
is perceived at the outset of the study to be less physiologi- 
cally insulting, as might be expected from conclusions after 
your previous retrospective study and known views in the 
literature on this subject, could such a bias not contribute 
to care decisions that appear to lead to a more rapid 
recovery and less costly hospitalization? I note that most of 
your cost data favoring a retroperitoneal pproach are 
related to differences in such variables. 
In summary, I do not think data exist to establish one 
approach as clearly routinely preferable. Surgeons and their 
patients will be served best by use of both approaches, the 
choice of which is primarily dependent on the anatomic and 
technical requirements in each individual case. 
Dr. Reilly. This certainly would strengthen the results 
of the trial. However, I cannot conceive how 100 
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consecutive patients would not only agree to participate in 
a randomized trial but also be qualified to participate in that 
trial. There are relative indications for doing each of these 
procedures either transabdominally or retroperitoneally, 
and we adhered to these. I do not think that it is realistic 
to expect that we could have enrolled 160 consecutive 
patients in a trial comparing two incisions. 
Can I objectively quantify the severity of ileus or degree 
of clinical stability when transferring patients out of the 
intensive care unit? 
In this study, ileus had a strict definition that was not 
related to the resumption of an oral diet but a requirement 
to have radiographic evidence of ileus with prolonged 
nasogasttic intubation. There is certainly institution-to- 
institution variability in a practice of keeping nasogastric 
tubes in place, but in our trial there is clearly an increased 
incidence of prolonged nasogastric ntubation in patients 
with a transabdominal approach. I do not think that there 
is a W inherent institutional bias in pulling out the 
nasogastric tubes earlier in the patients who have under- 
gone a retroperitoneal pproach. The nasogastric tubes 
were removed according to clinical criteria. Also, I do not 
think there is any institutional bias in keeping patients with 
a retroperitoneal incision in the intensive care unit for 
shorter periods. The criteria for transfer out of our intensive 
care unit require that the patient be hemodynamically 
stable and otherwise fit for transfer for 12 hours before 
being discharged to the regular floor. At our institution the 
intensive care unit is a relatively scarce resource, and the 
pressure is to discharge the patients from the unit and not 
keep them there for a longer period. 
Certainly, most of the cost differences in the trial are 
related to longer stays in the intensive care unit and a longer 
length of stay in the hospital. I think that the results we 
documented are real results based on the patient's clinical 
course and not based on an institutional bias. We agree 
with your conclusion that the transabdominal nd retro- 
peritoneal approaches need to be individualized to the 
patients. We believe, however, that the retropetitoneal 
approach is underused at this time. 
Dr. Dhiraj M. Shah (Albany, N.Y.). In Albany we 
have a great interest in exposure of the retroperitoneal 
incision for aortic aneurysm surgery, and our current 
experience exceeds 1000 patients with this approach. It is 
our perception and conviction from this experience that 
patients undergoing aortic surgery with the retroperitoneal 
approach do better physiologically. Their length of stay in 
the intensive care unit and hospital stay are less, they do not 
suffer from iteus, and they return to solid food in a shorter 
rime. Their respiratory complications and other complica- 
tions are also less, as you mentioned. Because of this we 
continue to use the retroperitoneal approach. In a smaller 
group of a prospective, randomized study, we also showed 
similar differences, but because of a small number of 
patients there was some skepticism about that study. 
What is not mentioned in most surgicai articles is fine 
technical ease. We find that retroperitoneal exposure is 
easier. It provides table retraction, minimum dissection, 
and is easy to execute. Do you, in your series, have a similar 
experience? 
My second question concerns pain. In our group of 
patients, we found that postoperative pain is less in 
patients in the retroperitoneat group compared 'with the 
transperitoneal group and they generally feet better, 
although it is a subjective criterion. In your patients 
undergoing the retroperitoneal approach, they have 
more pain. Was there a difference in technique? Did you 
divide the rectus muscle or is it related to intercostal 
neuralgia? 
Dr. Reilly. Do we believe that retroperitoneal expo- 
sure is easier? Some aspects of the exposure are easier. _As 
you do, we find that we get excellent exposure with 
retroperitoneal dissection. We think the dissection around 
the aorta and the iliacs is easier with this approach, and the 
magnitude of the dissection is less as well. We particularly 
believe that the placement of tube grafts is technically easier 
by this approach. 
Concerning pain, did we divide the rectus musde or 
was there intercostal involvement? We routinely try, to 
perform the incision by going from the tip of the twelfth 
rib to the rectus border without dividing the rectus 
muscle. However, if exposure is difficu!t, either inferiorly 
or superiorly, the incision can be extended across the 
rectus muscle or into the intercostal space. ~re think that 
the pain is particularly related to extending the incision 
into the intercostal space. We did not, however, separate 
our patients with chronic pain based on the extent of 
their incision. Therefore this is a long way of saying 
that I am really not sure whether that contributed to the 
pain. 
Dr. Keith D. Calligaro (Philadelphia, Pa.). I think it 
is critical to define accurately the pulmonary complications 
encountered in this study. We have previously reported this 
and found that the definitions of pulmonary, complications 
vary widely. Can you please tell us how you defined such 
complications as pneumonia nd if you included compli- 
cations such as atelectasis? This latter complication may 
seem minor, but the evaluation of atelectasis often prompts 
an extensive workup, including chest x-rays, blood cultures, 
and other blood tests. 
Dr. Reilly. How did we define pulmonary complica- 
tions? Pulmonary complications included pneumonia that 
had to be documented by chest x-ray films and sputum 
cultures, prolonged intubafion by greater than 72 hours, 
and adult respiratory distress yndrome as defined by an 
increased arterioalveolar g adient with characteristic chest 
x-ray findings. Pulmonary embolus was documented by 
either a high-probability ventiladon-peffusion scan or a 
pulmonary angiogram. Atelectasis was not included as a 
pulmonary complication. 
